Pterygium, an ultraviolet radiation (UV)-related disease, is a relatively benign process, but since it displays tumor-like features, it has been proposed to be a neoplastic-like growth disorder. Vitamin D performs a number of functions in addition to calcium homeostasis, as inhibition of cell proliferation, activation of apoptotic pathways, and inhibition of angiogenesis. Since the antitumor actions of vitamin D are mediated primarily through the nuclear vitamin D receptor (VDR), the aim of the present study was to investigate vitamin D status in patients with pterygium and in control subjects, and VDR immunohistochemical expression in samples of pterygium and normal conjunctiva in order to evaluate a possible role of vitamin D pathway in the pathogenesis of the disease. Serum vitamin D concentration was measured among 41 patients with pterygium and 47 volunteers by an automated chemiluminescence immunoassay. Moreover, 23 formalin-fixed and paraffin-embedded pterygium biopsy samples and 24 conjunctiva specimens were treated for the immunohistochemical demonstration of VDR using the streptavidin-biotin alkaline phosphatase method. No differences were observed about vitamin D level between patient with pterygium and control group, but significant differences between VDR immunolocalization in pterygium and normal conjunctiva were observed (P=0.00001). In conjunctiva, the immunoreactivity, localized mainly in cytoplasm of epithelial cells, may probably demonstrate VDR regulation of cell growth, differentiation, and apoptosis, while in pterygium VDR co-localization in the nucleus and cytoplasm of epithelial cells may indicate alternative nuclear pathways by which vitamin D might exert its antiinflammatory and anti-proliferative effects by the regulation of gene expression.
Introduction
Pterygium is a chronic condition characterized by the encroachment of altered bulbar conjunctiva into the normal cornea. 1 Histologically it consists of a superficial conjunctival epithelium layer and an underlying fibrovascular component, with features indicative of both degenerative process and disordered growth. Pterygium is a relatively benign process, but since it displays tumor-like features, as aggressive recurrence after removal and local invasiveness with various degrees of abnormalities, ranging from mild dysplasia to carcinoma in situ, it has been proposed to be a neoplastic-like growth disorder. As a matter of fact, several authors 2, 3 demonstrated that preneoplastic lesions may be associated with pterygium. Many factors have been proposed as causative agents in its pathogenesis, such as extracellular matrix remodelling, 4 inflammatory process, [5] [6] [7] anti-apoptotic mechanisms, 8, 9 cytokines, 10 growth and angiogenic factors, [11] [12] [13] viral infection, 14, 15 oxidative stress, 16, 17 hypoxic ischemic injury, 18 anomaly in epithelial differentiation 19 and wound healing defect. 20 However, it is well-established that pterygium is an ultraviolet radiation (UV)-related disease. 16, [20] [21] [22] [23] [24] For a long time several authors have labelled pterygium as a chronic degenerative growth disorder, but, following the discovery of p53 overexpression in the epithelium, 15, [25] [26] [27] [28] it is now considered as an UV-related tumor. Although its pathogenesis seems multi-factorial, chronic inflammation, angiogenesis and uncontrolled proliferation have a key role in the pathogenesis of pterygium.
Besides being taken up exogenously through dietary intake, when the skin is exposed to solar or artificial UV-B light, humans obtain endogenously a fat-soluble vitamin called vitamin D. 29 The biologically active form of vitamin D, 1,25-dihydroxyvitamin D, also known as calcitriol, plays its major physiological role in maintaining mineral ion homeostasis and regulating intestinal calcium absorption. 30 In addition to its well documented role, the scientific community has focused attention in the relationship between low serum vitamin D levels and a variety of seemingly disparate systemic conditions, including multiple sclerosis, cardiovascular disease, schizophrenia, type 1 diabetes mellitus, and infections, particularly tuberculosis and influenza. 29, [31] [32] [33] [34] More recently, vitamin D status has been inversely associated with risk for various cancers, since vitamin D inhibits cell Contributions: CMaxia, DM, study conception and experiment design, data collection monitoring, data interpretation, and paper drafting and revision; MC, experiments performing and data collection; IZ, patients selection and collection of biological materials; LM, data analysis; FP, data collection monitoring and manuscript revision; CMarinelli, experiments performing and data collection; MTP direction of the intellectual conception, research designed, data interpretation and critical manuscript revision. All authors read and approved the final version of the present research manuscript.
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proliferation and angiogenesis, activates apoptotic pathways, and exerts pro-differentiative effects. 35, 36 In 1980, Garland and Garland 37 reported an inverse association between sunlight exposure and colon cancer mortality, hypothesizing for vitamin D a protective role against the risk of colon cancer. To support these evidences, epidemiological studies have shown an association between low circulating 25-hydroxyvitamin D3 [25 OH Vitamin D; 25(OH)D] levels, a biomarker of vitamin D exposure, and increased risk for colorectal, breast and prostate cancers. [38] [39] [40] The action of vitamin D is mediated by the nuclear vitamin D receptor (VDR), a 48 to 55 kD activated transcription factor, expressed in various tissues, including those not involved in mineral metabolism. 41 VDR is expressed by normal and neoplastic cells, and it is localized mostly in the nucleus although some authors have also reported cytoplasmic receptors. 42, 43 It is well-established that the lack of the active hormonal form of vitamin D or its nuclear receptor results in the development of hypocalcemia and its related clinical manifestations. 44, 45 Since the antitumor actions of vitamin D are mediated primarily through VDR, and little is known about this subject in pterygium, the aim of the present study was to investigate vitamin D status in patients with pterygium and in control subjects, and VDR immunohistochemical expression in bioptic samples of pterygium and normal conjunctiva; the knowledge of vitamin D status and VDR localization may contribute to the understanding of the pathogenesis of the disease. 46 "During the first incubation, 25 OH vitamin D is dissociated from its binding protein and binds to the specific antibody on the solid phase. After 10 min the tracer (vitamin D linked to an isoluminol derivative) is added. After an additional 10 min incubation, the unbound material is removed with a wash cycle. Subsequently, the starter reagents are added to initiate a flash chemiluminescent reaction. The light signal is measured by a photomultiplier as relative light units (RLU) and is inversely proportional to the concentration of 25 OH vitamin D present in calibrators, controls, or samples."
Materials and Methods

Vitamin
The scientific community recommends the following ranges for the classification of 25-OH vitamin D status, as reported in DiaSorin LIAISON ® datasheet: deficiency, with 25(OH)D plasma concentration <10 ng/mL (level 1); insufficiency, between 10-30 ng/mL (level 2); sufficiency, between 30-100 ng/mL (level 3) and toxicity, with 25(OH)D level >100 ng/mL (level 4).
VDR immunohistochemistry: Patients and study design
Among the group of 41 patients admitted and treated for primary pterygium excision, only 23 specimens were processed for paraffin embedding; moreover, 24 exposed bulbar conjunctiva biopsy samples, collected from patients without pterygium (nonpterygium subjects), who underwent cataract and strabismus surgery at the Eye Clinic, were formalin-fixed and paraffin embedded and used as normal controls. Most of pterygium were located on the nasal side and only the head of the lesion was used as bioptic sample. The study included 16 inflamed and 7 quiescent lesions, and pterygium morphology was clinically graded as atrophic (6 cases), intermediate (13 cases), or fleshy (4 cases) according to an assessment of pterygium translucency. In both groups, the vitamin D status was assessed. Patients did not receive any medication before surgery except for a topical anaesthetic, and no drugs or chemical agents were used during surgical operation. Complete demographic and clinical information on patients was available in all cases (Table 2) .
Microtome histological sections (6-7 μm thick) were treated for the immunohistochemical demonstration of VDR using the streptavidin-biotin alkaline phosphatase method. They were dewaxed in xylene and rehydrated in a graded alcohol series and phosphate-buffered saline (PBS). Water Original Paper Table 1 . Characteristics of patients selected for the evaluation of serum vitamin D concentration.
Pterygium
Healthy subjects P value* (n=41) (n=47) 47 was used as primary antiserum and incubated overnight at 4°C. Biotinylated anti-mouse IgG was used as secondary antiserum (1:800; Vector Laboratories, Burlingame, CA, USA) and incubated for 30 min at room temperature; the sections were further incubated in alkaline phosphatase streptavidin (1:1000; Vector Laboratories) for 30 min at room temperature and reacted with Fast Red Substrate System (Dako, Glostrup, Denmark). All sections were thoroughly rinsed in PBS between each step, and finally counterstained with Mayer hematoxylin and mounted in glycerol gelatin (Sigma, St. Louis, MO, USA).
Sections of an archival biopsy specimen of prostate were used as positive control tissue; negative controls were obtained by omission of the primary antibody or by replacing the primary antibody with an isotype-matched antibody. Positive and negative controls were run simultaneously.
Micrographs were captured by a Lumenera's INFINITY 3-1 digital camera on a microscope Zeiss Axiophot (Carl Zeiss Inc., Oberkochen, Germany), and processed by Adobe Photoshop (ver. 7.0; Adobe Systems, Inc., San Jose, CA, USA) software.
Evaluation of immunoreactivity
Results were independently evaluated by three observers (CM, DM, MTP) in a blinded fashion, as described in our previous paper: 7 Four to six 200x fields covering almost the whole of each of the four sections per sample were examined with a 144-intersection point square reticulum (0.78 mm 2 ) inserted in the eyepiece and scored for the percentage of epithelial immunoreactive cells. In each sample, it was evaluated if the staining was localized only in nucleus, only in cytoplasm or both in nucleus and cytoplasm of epithelial cells. The intensity of VDR staining was graded 0, 1+, 2+, 3+. The VDR protein was considered to be highly expressed if 10% or more of the cells stained with an intensity score of 2+ or 3+, as described in 2014 by Zhou et al. 48 in esophageal adenocarcinoma and precancerous lesions. 
Statistical analysis
Results
Vitamin D status
Among the 41 patients with pterygium and the 47 healthy subjects of the control group, the mean concentration of plasma 25(OH)D was 19.47 ng/mL ±7.37 (median 18.7 ng/mL, range 5.82-35.4 ng/mL) and 18.22 ng/mL ±8.01 (median 15.8 ng/mL, range 7.92-45.2 ng/mL) respectively (Table 1) . Among pterygium patients, only 5 people (12%) had level 3 concentration, while 32 patients had level 2 (78%) and 4 subjects had level 1 (10%). No patients showed toxic concentrations of vitamin D (Table 3) . Regarding the 25(OH)D plasma mean concentration, no statistical differences between pterygium and control group were observed, as assessed by Student's t-test (P>0.05).
VDR immunohistochemistry
Immunohistochemical analysis of VDR expression in the 23 pterygium specimens showed a moderate to strong immunoreactivity of the epithelial cells, being localized in both nucleus and cytoplasm ( Figure 1A ) in 19 samples (83%), while in 3 samples (13%) the immunostaining was detected only in cytoplasm (Table 4) . One specimen (4%) did not show any immunoreactivity. No specimens showed exclusively nuclear staining. In the reactive samples, the nuclear staining was always stronger than the cytoplasmic. In most samples, a marked VDR immunostaining was also detected in epithelial goblet cells ( Figure 1A ) and in the endothelial cells of sub-epithelial microvessels ( Figure 1A,C) . Scattered immunoreactive leucocytes-like cells, morphologically 
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Patients Mean ± SD Median Patients Mean ± SD Median (n, %) (ng/mL) (ng/mL) (n, %) (ng/mL) (ng/mL) recognizable as cells belonging to the "mononuclear phagocyte system (MPS)", were found in the subepithelial connective tissue ( Figure 1C ) and inside the vessels ( Figure 1D ). The mean concentration of 25(OH)D in patients with pterygium was 22.09 ng/mL ±7.17 (median 20.7 ng/mL, range 11.8-35.4 ng/mL) ( Table 2) . Among the normal conjunctival samples, 16 (67%) exhibited mainly a cytoplasmic staining for VDR ( Figure 1B) in the epithelial cells, while only 2 samples (8%) displayed both nuclear and cytoplasmic immunoreaction (Table 4) ; six specimens (25%) showed no immunostaining. The mean concentration of 25(OH)D in these patients was 22.06 ng/mL ±8.28 (median 21.7 ng/mL, range 7.4-34.9 ng/mL) ( Table 2 ). The Vitamin D concentration detected in the non-pterygium subjects was comparable to that of the healthy subjects. Most conjunctivas displayed mainly mild to moderate staining, while in pterygium the immunoreaction was always more intense. In the negative control sections the immunoreactivity was completely abolished ( Figure 1F) .
Regardless of vitamin D status (P>0.05), significant differences between VDR immunohistochemical localization in pterygium and normal conjunctiva were noticed, as assessed by Fisher's exact test (P=0.00001) (Table 4) . Moreover, in pterygium no correlation between VDR expression and demographic or clinical parameters (age, gender, location, disease stage and grade) was observed (P>0.05).
Discussion
Holick 49 refers to vitamin D deficiency as pandemic because of its global spread, almost induced by chronically inadequate sun exposure. Such deficiency is associated with harmful effects, including a predisposition to cancer on almost all tissues. In Europe, vitamin D status varies according to latitude, season and skin pigmentation. Serum 25(OH)D is higher in people living in Northern than Southern European countries and higher in Western than Eastern Europe. 50 We investigated about vitamin D status in people living in Sardinia, an island in the centre of the Mediterranean Sea, characterized by high ultraviolet radiation level. 51 Our results demonstrate that both pterygium and control group showed insufficient level of plasma vitamin D. The reason of such suboptimal vitamin D concentration in a population with high insolation level has not been well understood yet; it may be linked to more skin pigmentation and sunshine avoiding behaviour, as in Spain, Greece and other parts of Italy, 50 but it might be also due to the well-known genetic peculiarity of Sardinians. Several anthropologists 52, 53 define Sardinians as "the most differentiated population in the Mediterranean basin, as the result of genetic drift and geographic isolation, with a limited genetic impact from conquests of the island during history". In our study, no statistical difference between patients with pterygium and control group were observed, hence it seems that there is not a direct correlation between vitamin D defiOriginal Paper ciency and the pathogenesis of pterygium. However, in a recent paper, Jee et al. 54 demonstrated a positive association between blood 25(OH)D level and Korean pterygium, but the exact mechanism is unknown. Such discrepancy with the results of our study may be related to the great number of samples they examined, but also to the above-mentioned Sardinian genetic peculiarity. Probably in Sardinia the high insolation rate, on one side, may be an important etiopathogenetic factor for the occurrence of pterygium, which is characterized by chronic inflammation, angiogenesis and uncontrolled proliferation; on the other side, UV rays may not be able to stimulate the production of adequate vitamin D amount in Sardinians, that would be insufficient to exert its protective action against the harmful effects of UV rays on conjunctiva.
Since the action of vitamin D is mediated by the nuclear VDR, expressed by normal and neoplastic cell, we examined VDR expression in bioptic samples of pterygium and normal conjunctiva. In our study, most pterygium samples (19/23, 83%) showed a moderate to strong VDR immunoreactivity, localized in both nucleus and cytoplasm of epithelial cells; nuclear staining was always more intense than the cytoplasmic. Among the normal conjunctival samples, epithelial cells exhibited mainly a mild to moderate cytoplasmic staining for VDR (16/24, 67%). Then, regardless of vitamin D status, similar in both groups of patients, significant differences between VDR immunolocalization in pterygium and normal conjunctiva were noticed; such differences may be linked to the different role of activated VDR in cytoplasm and nucleus. The differences in VDR immunolocalization might be explained considering that in normal conjunctiva vitamin D might regulate cell growth, differentiation and apoptosis by a cytoplasmic pathway; 55 in pterygium, VDR nuclear staining may represent an alternative nuclear pathway by which vitamin D might exert its anti-inflammatory and antiproliferative effects by the regulation of gene expression. 56, 57 But this is just a theory, because the low vitamin D amount, maybe due to genetic factors, could be insufficient to exert its anti-inflammatory action against the effects of UV rays on conjunctiva. It is well-known that vitamin D is an immunomodulator that can reduce the production of pro-inflammatory cytokines and increase the production of anti-inflammatory cytokines, 58 thus modifying the innate immune response of the body. Dysregulation of VDR may lead to exaggerated inflammatory responses; 59 maybe defects in vitamin D and VDR pathways could sustain the condition of chronic inflammation typical of pterygium. Besides to the well-known pro-apoptotic effects, following UV-trauma vitamin D may have also an anti-apoptotic effect resulting in increased cell survival. Then it is quite clear that cell fate may depend on cellular context, which can be able to address VDR pathway. 60 These considerations would be in agreement with a previous study by Tan et al. 6 who classify pterygium as an UV-related benign condition in which the uncontrolled proliferation is the result of a disorder of apoptosis occurring in conjunctiva; it would also support the results of previous papers 7, 61 which propose that in pterygium the concomitant overexpression of survivin, an anti-apoptotic protein, and functional loss of p53 might be the basis for an aberrant inhibition of apoptosis.
Moreover, in our pterygium samples, a marked VDR immunostaining was also detected in the endothelial cells of subepithelial microvessels, probably because of the role of calcitriol in the regulation of endothelial cell proliferation and differentiation. [62] [63] [64] Scattered immunoreactive leucocytes-like cells, morphologically recognizable as cells belonging to the "mononuclear phagocyte system (MPS)", were found in the subepithelial connective tissue of pterygium and inside the vessels, probably because of the role of vitamin D in the regulation of the immune system. 65, 66 In fact, in our previous report 5 we studied the distribution of the immunocompetent cells in pterygium, suggesting that all the effector components of the mucosal immune system, including cells of MPS, are present, and, therefore, demonstrating that an immunopathogenetic mechanism seems to be involved in the pathogenesis of pterygium. Our results on the presence of VDR in leucocyte-like cells are supported by the concept that the induction of VDR by vitamin D occurs in monocytes and, to a lesser degree, in mature macrophages 67 and that vitamin D seems to induce the differentiation of monocytes to macrophagse and to enhance the monocyte function in antigen presentation. 68 Finally, the finding of VDR immunoreactivity in cytoplasm of epithelial goblet cells in both conjunctiva and pterygium is in agreement with the study by Paz et al. 69 on the role of calcium in mucin packaging within conjunctival goblet cells. Then conjunctiva, as skin, 70 may represent an important target tissue for vitamin D, in which it may regulate keratinocytes growth and mucus packaging in goblet cells through the binding to VDR.
